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ABSTRACT 

An optical spectropolarimetric study has shown that the detectability of polarised 
broad Ha in Seyfert 2 galaxies is correlated to the IRAS /6o / /25 flux ratio where only 
those Seyfert 2s with "warm" IRAS colours show polarised broad line emission. It was 
suggested that those Seyfert 2s with "cool" IRAS colours have highly inclined tori 
which obscure the broad line scattering screen. 

I present here hard X-ray observations inconsistent with this picture showing that 
the derived column densities of warm and cool Seyfert 2 galaxies are statistically the 
same. I classify the Bright Galaxy Sample to produce a non-Seyfert comparison. The 
analysis of the properties of these galaxies with the Seyfert 2s suggest that the IRAS 
/60//25 flux ratio is consistent with implying the relative strength of galactic to Seyfert 
emission. I show that this new picture can account for the absence of polarised broad 
Ha in the cool Seyfert 2s. 
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1 INTRODUCTION 

The unified model for Seyfert galaxies proposes that all 
types of Seyfert galaxy are fundamentally the same, how- 
ever, the presence of an optically thick structure obscures 
the broad line region (BLR) in many systems. In this paper 
it is assumed that, in the majority of Seyfert 2s, this struc- 
ture is a dusty molecular "torus" although other galactic 
structures (e.g. dust lanes/starbursts, see Malkan, Gorjian 
and Tarn, 1998) can perform the same role. In this scenario 
the classification of a Seyfert 1 or Seyfert 2 galaxy (Seyfert 
1-broad permitted lines, Seyfert 2-narrow permitted lines) 
depends on the inclination of the torus to the line of sight 
(Antonucci, 1993). Probably the most convincing evidence 
for this model comes from optical spectropolarimetry. Us- 
ing this technique, the scattered emission from the BLR of 
many Seyfert 2s is revealed in the form of broad lines in the 
polarised flux (e.g. Antonucci and Miller, 1985, Young et al, 
1996, Heisler, Lumsden and Bailey, 1997). 

In this unified picture the high energy central source 
emission (optical to X-ray continuum) is absorbed by the 
dust within the torus which re-emits this energy at infrared 
(IR) wavelengths. Independent strong support has been 
given by hard X-ray (HX, 2 to 10 keV), near-IR and mid- 
IR observations (e.g. Turner et al, 1997, Risaliti, Maiolino 
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and Salvati, 1999, Alonso-Herrero, Ward, Kotilainen, 1997 
and Clavel et al, 2000) showing that Seyfert 2s are generally 
characterised by strong absorption whilst Seyfert 1 galaxies 
are relatively unabsorbed. 

Heisler, Lumsden and Bailey (1997, hereafter HLB) per- 
formed an optical spectropolarimetric study of a well defined 
and statistically complete IRAS 60pm selected Seyfert 2 
sample to determine the statistical detectability of polarised 
broad lines. The objects were selected at 60/im to reduce the 
possibility of biasing due to torus inclination/extinction ef- 
fects and all objects were observed to the same signal to 
noise to ensure similar detection thresholds. In this study a 
striking relationship between the detectability of polarised 
broad Ha and the IRAS /eo //2s flux ratio was found where 
only those galaxies with warm IRAS colours (/60//25 <4.0) 
showed a hidden broad line region (HBLR). Both Seyfert 2 
galaxy types were found to be well matched in terms of red- 
shift, overall polarisation and detection rate of compact nu- 
clear radio emission. Therefore, without any apparent con- 
tradictory evidence, HLB suggested that the IRAS /60//25 
ratio provides a measure of the inclination of the torus to 
the line of sight: in a cool Seyfert 2 the torus is so highly in- 
clined that even the broad line scattering screen is obscured. 
I present here HX evidence that suggests this picture is in- 
correct and provide a new view that is consistent with other 
observations. 
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2 TESTING THE INCLINATION PICTURE 

The picture presented by HLB appears reasonable. Assum- 
ing that the Seyfert torus is optically thick at mid-IR wave- 
lengths (e.g. Pier and Krolik, 1993, Granato and Danese, 
1994, Efstathiou and Rowan-Robinson, 1995) the mid-IR to 
far-IR flux ratio should vary depending upon the inclination 
of the torus to the line of sight. A simple prediction of this 
picture is that Seyfert 1 galaxies should show warmer colours 
than Seyfert 2 galaxies. The mean IRAS /60//25 flux ra- 
tios of Seyfert galaxies from the IRAS 60/im selected Bright 
Galaxy Sample (BGS, Soifer et al, 1989), as classified by 
Kim et al (1995) and using data from the literature (see 
section 3) are 7.1±2.9 and 7.6±3.2 for Seyfert Is and 2s re- 
spectively. The Seyfert Is do not statistically show warmer 
colours in this sample. However, it could be argued that 
these ratios are biased by differences in the star formation 
between Seyfert Is and 2s or optical depth effects in the 
Seyfert 2 nuclei, biasing the ratio towards warm objects. In 
any case the most direct test of the inclination picture is 
made with HX observations. 



2.1 The X-ray picture 

One of the key supports of the unified model comes from HX 
observations where the nuclear extinction is directly deter- 
mined from the observed spectral slope. Seyfert 1 galaxies 
are characterised by little or no absorption 20<log(iVf/)<21 
cm~ 2 whilst Seyfert 2s have significant, sometimes extreme, 
absorption 22<log(iVff )<25 cm~ 2 (e.g. Turner et al, 1997 
and Risaliti, Maiolino and Salvati, 1999). Although the HX 
properties of Seyferts are too poorly known to allow a de- 
tailed measure of the torus inclination, as the cool Seyfert 
2s are more highly inclined than the warm Seyfert 2s in the 
HLB interpretation, they should statistically show higher 
column densities. To date 13 of the galaxies in the HLB 
sample have been observed with either BeppoSAX or ASCA. 
The other 3 objects have been observed by Einstien or in the 
HEAOl/A survey. In the case of the HEAOl/A objects only 
upper limits could be placed. For these two galaxies (NGC34 
and NGC1143) I have used the upper limits and unextincted 
[OIII]A5007 emission line fluxes to predict their nuclear ex- 
tinction using the diagnostic diagram of Bassani et al (1999). 
The distribution of HX derived column densities are shown 
in figure 1 and presented in table 1. 

The derived column densities show that an optically 
thick structure exists in both the warm and cool Seyfert 
2 galaxy types, with the notable exception of NGC7590 
which may be a Seyfert 1 with galactic dust obscuring the 
BLR, however, signficantly there is very little difference in 
the distribution of column densities. The overall distribu- 
tion is similar to that found for the [OIII]A5007 selected 
Seyfert sample of Risaliti, Maiolino and Salvati (1999) sug- 
gesting that the far-IR selects Seyferts in a reasonably unbi- 
ased manner: ~35% of the objects are Compton thick (i.e. 
log(iVff) > 24 cm -2 ), the mean \o%(Nn) for the whole sam- 
ple is 23.2±0.9 cm -2 and the mean for the warm and cool 
Seyfert 2s are 23.7±0.5 cnT 2 and 22.9L1.0 cm~ 2 (23.1L0.7 
cm~ 2 if NGC7590 is excluded) respectively. The hypothe- 
sis of HLB could still be retained if the cool Seyfert 2s are 
Compton thick and the determined column densities refer 
to the extinction suffered by the scattered emission, how- 
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Figure 1. The distribution of hard X-ray derived hydrogen col- 
umn densities for the Seyfert 2 galaxies in the HLB sample. The 
uncertain column densities of NGC0034 and NGC1143 are high- 
lighted. 

ever, the mean log([OIII]/HX) of 0.3L1.0 and -0.2L1.4 for 
the warm and cool Seyfert 2s respectively suggest that this 
is not the case (see Bassani et al, 1999). Therefore the most 
direct conclusion to make from this HX analysis is that the 
IRAS /60//25 flux ratio does not indicate the inclination 
angle of the torus in Seyfert 2s. 



3 THE SEYFERT 2 INFRARED DICHOTOMY 

If the IRAS /60//25 colour ratio is not an indicator of the 
inclination of the dusty torus, what does this colour ratio im- 
ply? A natural starting point is to compare the HLB Seyfert 
properties to those of non-Seyfert galaxies. A good compar- 
ison is the BGS sample which is selected at the same wave- 
length as the HLB sample (60/im) and has a very similar 
flux limit. The BGS sample is partially classified by Kim 
et al (1995) using the optical emission line ratio technique 
(e.g. Baldwin, Phillips and Terlevich, 1981). To increase the 
number of classified objects I have taken these observations 
and other optical spectroscopic observations from the liter- 
ature, classifying 77% of the BGS sample, see table 2. These 
galaxies have been classified using the emission line diagnos- 
tics of Veilleux and Osterbrock (1987) and the mode clas- 
sification for each galaxy is adopted. For brevity only the 
[NII]A6583/Ha vs [OIIL1A5007/H/3 diagram is shown here, 
see figure 2. 

3.1 The IRAS picture 

A logical first step is to compare the IRAS colours, sec figure 
3. The IR warm region is clearly dominated by Seyfert 2s 
although the cool region also contains HII and LINER galax- 
ies with a wide range of IRAS colours. The cool Seyfert 2s 
cannot be distinguished from the HII and LINER galaxies 
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Table 1. The HLB Seyfert 2 sample properties. 
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Notes. The Ha emission line flux is in log (ergs~ 1 cm~ 2 ) and refers to the observed polarised broad Ha flux (p=predicted flux); the 
HBLR refers to whether polarised broad Ha emission has been detected; Njf in log(cm~ 2 ). References, (a) Bassani et al, 1999, (b) 
Pappa, Georgantopoulos and Stewart, 1999, (c) Risalti, Maiolino and Salvati, 1999, (d) Polletta et al, 1996, (e) Kruper, Urry and 

Canziares, 1990 

in terms of their IRAS emission (note there are no Seyfert 
2s with log(/6o//25) >0.9 due to the HLB selection crite- 
ria). The distribution of HX derived nuclear column densi- 
ties suggest an optically thick structure (i.e. the torus) exists 
in both Seyfert 2 galaxy types which, according to the uni- 
fied model, should emit thermally at IR wavelengths. There- 
fore, although the HX emission shows that a Seyfert nucleus 
is present in the cool Seyfert 2s, the IR emission from the 
torus must be dominated by galactic emission in the large 
IRAS apertures (as previously suggested by Alexander et al, 
1999). Additional evidence for this picture is found in the 
distribution of optical emission line ratios where the cool 
Seyfert 2s have, on average, weaker [OIII]/H/3 emission, see 
figure 2. Assuming that both the warm and cool Seyfert 2s 
have the same basic Seyfert nucleus and galactic emission, 
the lower mean emission line ratio in the cool Seyfert 2s im- 
plies a larger ratio of galactic to Seyfert activity. Indeed in 
one galaxy (NGC7496) the observed emission line ratio is 
consistent with that of an HII galaxy even though it clearly 
has HX emission and therefore a Seyfert nucleus. 



3.2 The PAH picture 

HII galaxies produce mid-IR PAH emission (see Puget and 
Leger, 1989) whilst pure Seyfert nuclei do not. Therefore in 
the above scenario the PAH equivalent width should vary 
based on the IRAS /60//25 colour ratio. Indeed Lutz et al 
(1998) found that this occurs in the extremely luminous ob- 
ject class of ULIRGs although this test has not been per- 
formed for Seyfert 2 galaxies. Unfortunately suitable mid-IR 
observations are not available for the complete HLB sample 
although Seyfert 2 observations from Clavel et al (2000) and 
HII galaxy observations from Rigopoulou et al (1999) pro- 
vide the general picture, see figure 4. 



Table 2. Classification of the BGS sample. 
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Figure 2. The optical emission line ratios for LINERs and HII 
galaxies from BGS and Seyfert 2 galaxies from HLB. 
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Figure 3. The IRAS colour distribution for LINERs and HII 
galaxies from BGS and Seyfert 2 galaxies from HLB. The 
warm/cool divide is indicated by the dotted line. 



Figure 5. Correlation between the polarised broad Ha flux and 
the [OIIIJX5007 flux adjusted as if observed at the wavelength of 
Ha (see text) for the Seyfert 2s in the HLB sample. 
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Figure 4. The distribution of observed 7.7fim PAH equivalent 
widths. The warm/cool divide is indicated by the dotted line. 



The distribution of PAH emission is reasonably well seg- 
regated with the cool Seyfert 2s occupying a similar region 
to the HII galaxies although there is not a tight correlation. 
This may be because the galactic emission can be a combi- 
nation of both galactic cirrus emission, which show strong 
PAH features, and more intense star formation emission, 
which show weak PAH features (e.g. Laurent et al, 1999). 



4 A NEW EXPLANATION OF THE 

SPECTROPOLARIMETRIC RESULTS? 

The cool Seyfert 2s have IRAS colours, optical emission line 
ratios and PAH emission suggestive of a weak Seyfert nu- 
cleus and a dominant galactic component. Can the spec- 
tropolarimetric results be explained in the same way? 



4.1 HLBR sensitivity 

As the [OIII]A5007 emission line is a good indicator of the 
strength of the Seyfert nucleus (e.g. Alonoso-Herrero et al, 
1997, Bassani et al, 1999) it should be possible to estimate 
the strength of polarised broad Ha in the cool Seyfert 2s. In- 
deed the [OIII] A5007 emission line flux, corrected for galactic 
extinction and then re-extincted to the wavelength of Ha to 
simulate the probable extinction suffered by the Ha emis- 
sion, shows a good correlation with polarised broad Ha flux, 
see figure 5 and table 1. In general the predicted fluxes of the 
cool Seyfert 2s are a factor ~3 lower than the warm Seyfert 
2s and in many cases fall below that easily obtainable on a 
4 metre telescope. In two cases the predicted fluxes are sim- 
ilar to those found for warm Seyfert 2s and in one of these 
objects (NGC7582) broad Ha has been directly observed 
(Aretxaga et al, 1999). 

However, in determining the detectability of polarised 
broad Ha there is another factor to consider as the galaxies 
were observed to the same signal to noise and therefore the 
detectability of a HBLR also depends on the optical bright- 
ness of the galaxy. The mean optical (V band) magnitudes 
are 12.1±2.4 and 12.4±1.4 for the warm and cool Seyfert 2s 
respectively, showing that there is no statistical difference in 
their overall optical brightnesses. Therefore as the polarised 
broad Ha fluxes are lower in the cool Seyfert 2s, whilst the 
overall fluxes are not, the sensitivity to polarised broad Ha 
should be worse by a factor of ^3 in the cool Seyfert 2s. 
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These two factors can account for the lack of detected 
HBLRs in the cool Seyfert 2s and agree with the overall 
hypothesis that the differences between the Seyfert 2 galaxy 
types are that the cool Seyfert 2s have a weak Seyfert nucleus 
and a dominant galactic component. 



starlight in the cool Seyfert 2s. The reason for the lack of 
difference in observed polarisation between both Seyfert 2 
types is probably due to a larger galactic polarisation com- 
ponent in the cool galaxies caused by their larger galactic 
extinction. 



4.2 The measured polarisation 

The weaker Seyfert emission in the cool Seyfert 2s should 
lead to a lower observed polarisation, however, HLB claim 
no statistical difference between the Seyfert 2 galaxy types. 
This apparent inconsistency can be reconciled as there is an- 
other component to the observed polarisation: galactic po- 
larisation. Galactic polarisation is proportional to the mea- 
sured galactic extinction (Serkowski, Mathewson and Ford, 
1975 and Scarrott, 1996) and as the cool Seyfert 2s have a 
higher galactic extinction (i.e. as measured by the Ha/H/3 
emission line ratio (Ward et al, 1987) , see HLB and table 1) 
they should also have a larger galactic polarisation compo- 
nent. 

An obvious question to raise is why do the cool Seyfert 
2s have a higher galactic extinction? A natural explanation 
for this would be that the galactic disc is more highly in- 
clined in the cool objects, however the mean inclinations 
(measured from DSS images) of 43±30 and 42±25 degrees 
for the warm and cool Seyfert 2 galaxies respectively show 
that this is not the case. Therefore there must be another 
component contributing to the higher extinction in the cool 
Seyfert 2s. Analysis of DSS images of the HLB sample sug- 
gest that cool Seyfert 2s are more likely to have nuclear dust 
lanes. Dust lanes are known to be very efficient at causing 
galactic polarisation (see Centaurus A, Hough et al, 1987) 
and would also account for the higher galactic extinction 
in the cool Seyfert 2s. High resolution images of the HLB 
sample are required to test this scenario. 



5 CONCLUSIONS 

HLB showed a dichotomy in the detectability of polarised 
broad Ha in Seyfert 2 galaxies where only those objects 
with warm IRAS colours showed polarised broad line emis- 
sion. They suggested that those Seyfert 2s with cool IRAS 
colours had highly inclined tori which obscured the broad 
line scattering screen. I have presented evidence against this 
picture and suggested that the IR dichotomy is due to the 
relative strength of galactic to Seyfert emission. The main 
results of this study are: 

(i) the hard X-ray derived column densities of the warm 
and cool Seyfert 2s are statistically the same and therefore 
the IRAS /60//25 flux ratio cannot imply the inclination of 
the torus in the standard unified model. 

(ii) the cool Seyfert 2s have IRAS colours and PAH 
emission similar to HII galaxies and optical nuclear emission 
line ratios consistent with a mixture of Seyfert and galactic 
activity. As the hard X-ray observations suggest that both 
Seyfert 2 galaxy types have similar nuclear properties, the 
differences in the IRAS feo / /2s flux ratios are most probably 
due to a weaker Seyfert component and a more dominant 
galactic component in the cool Seyfert 2s. 

(iii) the difference in the detectability of polarised broad 
Ha is most probably due to a larger component of optical 
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